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In this paper, we had studied the CO2 laser fabrication of microsphere 
resonators coupled by biconical tapered fibers. The integrated fabrication 
system of melt-drawn biconical tapered fibers and microsphere resonators 
using a CO2 laser as its heat source has been developed. Silica micospheres 
and glass microspheres doped by Nd+3 had been made using this fabrication 
system. The sizes of the microsphere and biconical tapered fiber waist had 
been discussed for optical devices. The characteristic of the coupling between 
the microsphere resonator and the biconical tapered fiber had been studied. 
   In the first part, we had a general review of the history of microsphere 
resonance in theory and experiment study. The developments of the coupled 
microsphere system had been introduced. It had been approved by experiments 
that the biconical tapered fiber is a good energy exchange device for 
microspheres. The biconical tapered fiber had been selected as the coupler of 
the microsphere resonance in our study. Several fabrication methods of the 
biconical tapered fiber and the microsphere had been compared. The precise 
fabricating technique of CO2 laser had been used in our experiments. 
    Secondly, the characters of the microsphere resonance and the biconical 
tapered fiber  had been analyzed separately. The best ranges of the radii of 
the microsphere resonance and the biconical tapered fiber for optical devices 
had been given. Using the weakly guided mode, the normalized radial phase 
constants (U) and the propagation constants for biconical tapered fiber with 
different waist radii had been calculated precisely. The correspondence 
relationship for radii had been given when the tapered fiber as pump method to 
phase-matched excite the WGM laser in the microsphere. By using the H. J. 















according to the intrinsical qualities of the microsphere resonators, we study 
the coupling system composed of the taper fiber and the silica-microsphere. 
Our results agree with the reported experiment.  
The rig proposed by E. D. Timothy had been changed in structure and 
control method. A lens with shorter focal distance had been used and the 
relation between the required CO2 laser power and the moving distance of the 
motorized stage in the fabrication process of biconical tapered fiber was 
calculated. The dependence of the required laser power and the moving 
distance of one motorized stage running were of approximately three linear 
increments, which largely simplifies the computer control. The biconical 
tapered fibers fabricated by our system have the good shapes and smaller waist 
radii than E. D. Timothy’s. 
At last, the rig had been expanded for the fabrications of the micospheres 
using the glass that have large viscous-temperature range.  
The research of this dissertation is supported by National Natural Science 
Foundation of China, number 60277026. 
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广 Mie 散射理论（GLMT）[8]。C. C. Lan 等人理论上具体推导出 Mie 散射
中微球的共振模的位置、宽度和强度的近似解析表达式[9]。 
相应的在实验方面，在 20 世纪 70 年代和 80 年代初，人们在介电球
的光辐射压[10]，弹性散射[11]，非弹性散射（荧光[12]和喇曼[13]）的实验中
都发现接近自然振动频率的共振峰。作为示例，图 1.3 给出了体状掺铒氟






电动力学（cavity quantumelectro－dynamics 简称 CQED）”。 
 



















































































Wavelength  λ  (nm)
图 1.3  体状掺铒氟化物玻璃ZBLALiP的发射荧光光谱（上） 
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